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Introduction
Species in the early stages of divergence will often not have complete reproductive barriers 87 between them, but as they diverge in their traits, more reproductive barriers usually 88 accumulate over time, since these divergent traits can function as barriers. Reproductive traits 89 may diverge particularly quickly, since they are the primary targets of sexual selection, often 90 leading to rapid accumulation of phenotypic differences (Eberhard 1985; Arnqvist 1997 ; 91 Swanson and Vacquier 2002; Gröning and Hochkirch 2008) . Therefore, sexual selection can 92 play an important role in evolutionary diversification, reproductive isolation and speciation 93 (Kraaijeveld et al. 2011 ; Janicke et al. 2018 but see Morrow et al. 2003) . This is supported by 94 the fact that reproductive traits, such as mating behaviour and genital morphology, have been 95
shown to diversify faster than other traits (Arnqvist 1998 some studies have shown that mating behaviour might evolve even more quickly than genital 101 morphology (Puniamoorthy 2014 ). Thus, a rapidly evolving reproductive trait like 102 reproductive behaviour can represent a premating barrier by being involved in mate 103 recognition and assortative mating (Herring and Verrell 1996; Ritchie et al. 1999) , while a 104 difference in genital morphology can prevent successful mating and thus represent a 105 mechanical barrier (Masly 2012 ; Barnard et al. 2017) . 106
In recently diverged species that occur in sympatry, selection may occur to reduce the 107 likelihood of heterospecific reproductive interactions, whenever such interactions lower 108 individual fitness (either directly or via low fitness hybrids). This selection can cause greater 109 divergence in reproductive traits, leading to reproductive character displacement (Brown and 110 Wilson 1956; Blair 1974; Butlin and Ritchie 1994; Servedio and Noor 2003; Pfennig and 111 Pfennig 2009 ) and reinforcement of reproductive isolation. An interesting question that arises 112 then is whether differences in reproductive traits correlate in recently diverged species, for 113 instance, do differences in reproductive morphology correlate with differences in reproductive 114 behaviour? And are these differences sufficiently large to function as prezygotic reproductive 115 barriers, leading to reproductive isolation? Under a scenario of reinforcement in sympatry, we 116 might expect that divergent reproductive traits will serve as fairly effective reproductive 117 barriers (though not all sympatric species will necessarily be completely reproductively 118 isolated). In contrast, species that have speciated in allopatry may lack (complete) 119 reproductive isolation due to incomplete pre-or postzygotic barriers, despite having diverged 120 in their reproductive traits. Secondary contact between such species may then result in the 121 production of viable and potentially even fertile hybrid offspring. Interestingly, reproductive interference may be asymmetric, in that the fitness of one species 128 is affected to a greater extent than that of the other (Gröning and Hochkirch 2008) . 129 tested whether the resulting hybrids were fertile. Next, using geometric morphometrics we 137 compared the stylet morphology of the parental species and the hybrids. Finally, we 138 performed a mate choice experiment to test if individuals preferentially mated with 139 conspecifics over heterospecifics, since this form of assortative mating could serve as a 140 premating barrier between these two closely related species in a putative zone of sympatry. 141 M. lignano has a stylet that is "slightly curved, its distal opening [having a] slight asymmetric 149 thickening" (Ladurner et al. 2005) , while M. janickei has a more complex stylet that is a "long 150 and a gradually narrowing funnel that includes first a slight turn (of ~40°) and then a sharp 151 turn (of >90°) towards the distal end […], giving the stylet tip a hook-like appearance." 152 (Schärer et al. n.d.) . 153
Materials and Methods
Previous studies have shown that M. lignano is an outcrossing, reciprocally copulating 154 species with frequent mating (on average about 6 copulations per hour, Schärer et al. 2004) . 155
Specifically, reciprocal copulation consists of both partners mating in the male and female 156 role simultaneously, with reciprocal insertion of the stylet into the female antrum (the sperm-157 receiving organ) of the partner, and transfer of ejaculate consisting of both sperm and seminal 158 fluids. Copulation is then often followed by a facultative postcopulatory suck behaviour 159 (Schärer et al. 2004 Vizoso et al. 2010 ), during which the worm bends onto itself and 160 places its pharynx over its own female genital opening, while appearing to suck. This 161 behaviour is thought to represent a female resistance trait that has evolved due to sexual 162 conflict over the fate of received ejaculate. Specifically, it is likely aimed at removing 163 ejaculate components from the antrum, and sperm is often seen sticking out of the antrum 
Experimental design 178

Experiment 1: Reproductive behaviour and hybridization 179
On day 1, for each species, we distributed 240 adult worms over 4 petri dishes with algae and 180 ASW (using the transgenic BAS1 culture for M. lignano). On day 4, we removed the adults, 181 such that the eggs were laid over a 3-day period, and the age of the resulting hatchlings did 182 not differ by more than 3 days. On day 9 (i.e. well before the worms reach sexual maturity), 183 we isolated these hatchlings in 24-well tissue culture plates (TPP, Switzerland) in 1 ml of 184 ASW with ad libitum algae. Starting on day 34 and spread over 3 subsequent days, we then 185 examined the mating behaviour by pairing these previously isolated and by then adult worms For each mating pair, we scored the movie up to the fifth copulation and observed the 211 following copulation traits: copulation latency (i.e. time to first copulation), copulation 212 duration, copulation interval, time of suck (after copulation), suck duration, and the number of 213 sucks, while being blind with respect to both the pairing type and the species identity of 214 individuals in the heterospecific pairs (note that the GFP-status of a worm cannot be 215 determined under normal transmitted light). The decision to observe the behaviour up to and 216 including the fifth copulation was made a priori (see also Marie-Orleach et al. 2013), and was 217 motivated by our desire to get accurate estimates for each behaviour, by averaging all traits 218 (except copulation latency) over this period for each pair and to keep the total observation 219 time manageable. The copulation behaviour was defined as in Schärer et al. (2004) , and the 220 copulatory duration was measured starting from the frame when the pair was first tightly 221 interlinked (like two small interlocking G's) with the tail plates in close ventral contact, to the 222 frame where their tail plates were no longer attached to each other. We scored a behaviour as 223 a copulation only if the pair was in this interlinked position for at least 5 seconds. The 224 copulation interval was measured as the duration between the end of a copulation to the start 225 of the next copulation. The time of suck was measured (for sucks that followed a copulation, 226 observed up to the fifth copulation) as the time elapsed between the end of the copulation 227 preceding the suck and the start of the suck in question. The suck duration was measured from 228 the frame where the pharynx was placed on the female genital opening up to the frame where 229 the pharynx disengaged. The number of sucks was measured as the number of sucks observed 230 up to the fifth copulation. The copulation duration, copulation interval, time of suck, and suck 231 duration was averaged over all occurrences in a replicate. 232
The final sample sizes varied for the different behavioural traits, depending on how many 233 replicates exhibited the particular trait of interest. We, respectively, excluded 3, 7 and 2 234 replicates of the M. lignano pairs, heterospecific pairs and M. janickei pairs from all analyses, 235 since these replicates showed no copulations. In addition, 3 replicates of M. janickei had only 236 one copulation, so we could not calculate the copulation interval for these drops. Moreover, in 237 some replicates there were no sucks, which reduced our sample size for the time of suck and 238 suck duration. The suck is considered a postcopulatory behaviour, and we therefore might not 239 expect an individual to exhibit the postcopulatory behaviour unless it copulates. Thus, to 240 examine if the number of sucks differed between the pairing types, we considered only the 241 subset of drops in which we observed at least five copulations. Additionally, for offspring 242 number we lost 2 replicates each for the M. lignano and M. janickei pairs. The final sample 243 sizes are given in the respective figures. 244 Experiment 2: Hybrid fertility 245 We assessed the fertility of the F1 hybrid offspring from experiment 1, by pairing for 7 days a 246 subset of the virgin hybrids with, respectively, virgin adult M. lignano (n = 24) or virgin adult 247 M. janickei (n = 24) partners (grown up under identical conditions as the parents, but using 248 the wildtype LS1 culture for M. lignano) and then isolating both the hybrids and their partners 249 for 14 days to determine offspring number. By confirming that at least some of the F2 250 offspring from the crosses between the GFP-heterozygote F1 hybrids and the GFP-negative 251 parents were GFP-positive, we could ascertain that we were indeed seeing successful 252 backcrosses. We did not statistically analyse if offspring number differed depending on which 253 parental species the hybrid was backcrossed onto, as the hybrids used were not statistically 254 independent (e.g. some of them were siblings). Thus, we only descriptively examined 255 offspring number produced from the backcrossing. 256
Experiment 3: Hybrid and parental species stylet morphology 257
To investigate the stylet morphology of the F1 hybrids, we compared the stylets of isolated 258 virgin hybrids (n = 29; measured before the backcrossing experiment), to those of isolated 259 while more sliding semi-landmarks were used here to approximate the considerably more 277 complex shape of the M. janickei stylet (i.e. 56 semi-landmarks now vs. 18 in M. lignano 278 earlier). We always placed landmarks 1-30 on the stylet side that was further from the seminal 279 vesicle (the sperm storage organ located near the stylet), while landmarks 31-60 were placed 280 on the stylet side that was closer to the seminal vesicle (see Figure 4d -f). Also, to ensure that 281 the orientation of the seminal vesicle and stylet with respect to the viewer was similar across 282 all images, we mirrored the images for some specimens. We used tpsRelw 1.70 283 (http://life.bio.sunysb.edu/morph/) to analyse the resulting landmark configurations and 284 extract the centroid size (an estimate of the size of the landmark configuration that can serve 285 as a measure of the stylet size) and the relative warp scores (which decompose the total shape 286 variation into major axes of shape variation). Our analysis yielded 71 relative warp scores, of 287 which the first three relative warp scores explained 88% of all variation in stylet shape. For 288 our statistical analysis, we here only focus on the first relative warp score (RWS1), as it 289 explained 64% of the shape variation and captured the most drastic change in the stylet shape, 290
including the extent of the stylet tip curvature (Figure 4g Figure S1 ). 301
In total, we constructed 17 observation chambers and filmed them under transmitted light for 302 2h at 1 frame s -1 (as outlined above), and the resulting movies were scored manually frame-303 by-frame using QuickTime player, while being blind to which species was dyed. For each 304 drop, we determined the copulation type of the first copulation, i.e. conspecific M. lignano, 305 conspecific M. janickei or heterospecific (M. lignano x M. janickei), and we also estimated 306 the copulation frequencies of the three copulation types over the entire 2h period. 307
Out of the total 68 filmed drops we had to exclude 9 drops, 5 of which had an injured worm 308 and 4 of which (one entire observation chamber) had dim lighting that made it difficult to 309 distinguish the dyed worms. Thus, our final sample size was 59 drops. 310
Statistical Analyses 311
In experiment 1, we constructed one-way ANOVAs with the pairing type (M. lignano pairs, 312 heterospecific pairs, and M. janickei pairs) as the independent fixed factor, and using 313 copulation latency, average copulation duration, average copulation interval, average time of 314 suck, and average suck duration as the dependent variables, followed by post-hoc 315 comparisons between the pairing types using Tukey's honest significant difference (HSD) 316 tests. Note that all conclusions remained unchanged if the two movie setups were included as 317 a factor (data not shown). Data was visually checked for normality and homoscedasticity and 318 log-transformed for all the above variables. For average time of suck, however, we added 1 to 319 each data point before log-transformation, to avoid infinite values, since some sucks began 320 immediately after copulation, leading to zero values. For the number of sucks and the 321 offspring number we used Kruskal-Wallis tests (since these data could not be appropriately 322 transformed to fulfil the assumptions for parametric tests), followed by post-hoc tests using 323
Mann-Whitney-Wilcoxon tests with Bonferroni correction. Moreover, for all behaviours we 324 calculated the coefficient of variation (CV) to evaluate how stereotypic the behaviour is for 325 each pairing type. For all behaviours (except for the number of sucks), we calculated the CV 326 for log-transformed data using the formula
2017), while for number of sucks we calculated the CV for raw data using
In experiment 3, we constructed one-way ANOVAs with the types of worm (M. lignano, 330 M. janickei, or hybrid) as the independent fixed factor, and the centroid size and RWS1 as the 331 dependent variables, followed by post-hoc comparisons using Tukey's HSD. Note that these 332 analyses need to be interpreted with some care, since the three groups we compared were not 333 grown and imaged as part of the same experiment (though using the same methodology). 334
In experiment 4, three different copulation types could occur (i.e. M. lignano conspecific, 335 heterospecific, and M. janickei conspecific), and to generate a null hypothesis of the expected 336 proportions of each copulation type, we initially assumed random mating and hence no 337 mating preference for either conspecific or heterospecific individuals in either species. Thus, 338 under these assumptions the null hypothesis for the expected proportion of drops having these 339 different copulation types as the first copulation was: M. lignano conspecific : heterospecific : 340 M. janickei conspecific = 0.25 : 0.50 : 0.25. For each copulation type, we then determined the 341 observed proportion of drops in which it was the first copulation, and examined if these 342 proportions differed significantly from this null hypothesis, using a Chi-square goodness-of-343 fit test. 344
Next, we looked at the observed proportion of the three copulation types within each drop and 345 across all drops, and as the null hypothesis we again used the same expected proportions as 346 above. To test if the observed proportion of the three copulation types differed from this null 347 hypothesis, we used repeated G-tests of goodness-of-fit (McDonald 2014), an approach that 348 involves sequential tests of up to four different hypotheses, which, depending on the obtained 349 results, will not all necessarily be carried out. Second, this was followed by a G-test of independence on the data in order to obtain a 358 'heterogeneity G-value', which permits to evaluate if the drops differ significantly from each 359 other. Since, this test revealed significant heterogeneity between the drops (see results), we 360 did not pool the data or proceed with the remaining two tests, but instead drew our conclusion 361 from the above G-tests of goodness-of-fit (corrected for multiple testing). 362
As we show in the results, in most drops, the majority of copulations were of the M. lignano 363 conspecific type, followed by the heterospecific type (Figure 6a heterospecific, and M. janickei conspecific copulations, and m T represents the total number of 370 copulations (i.e. summed across all copulation types). Thus, we obtained a p and q value for 371 each drop and if both species had the same mating rate, then we would expect p = q = 0.5. 372
However, the results of the above analysis showed that M. lignano and M. janickei differed 373 greatly in their mating rates (Figure 6b ). 374
We, for each drop, therefore calculated the expected numbers of the different copulation 375 types, given the observed mating rates p and q as 376 lignano for mating with conspecifics (i.e. the observed assortative mating) simply stemmed 383 from the mating rate differences between the species, as opposed to a more explicit preference 384 for conspecific partners. 385
All statistical analyses were carried out in R, version 3.1.1 (R Development Core Team, 386 2016). 387
Ethical note 388
All animal experimentation was carried out in accordance to Swiss legal and ethical 389 standards. 390
Results
391
Experiment 1: Reproductive behaviour and hybridization 392
The three pairing types differed in their mating behaviour, though to varying degrees for the 393 different copulation traits. Pairing type had a significant effect on copulation latency (F 2,156 = 394 4.688, P = 0.01; Figure 1a Remarkably, for most behaviours the heterospecific pairs had the highest CV, suggesting that 415 heterospecific behaviour was relatively variable and less stereotypic than conspecific 416 behaviour (Table 1) 
Experiment 3: Hybrid and parental species stylet morphology 432
The stylet morphology was significantly different between M. lignano, M. janickei and the F1 433 hybrids (Figure 4) . The centroid size, an estimate of stylet size, was different between the 434 groups (F 2,69 = 33.26, P < 0.001; Figure 5a ), with the F1 hybrids having a larger centroid size 435 than M. lignano and M. janickei, which did not differ amongst themselves. The RWS1 of the 436 stylets, which primarily seemed to capture variation in the curvature of the stylet tip and the 437 width of the stylet base (Figure 4g-i) , was significantly different between all groups (F 2,69 = 438 238, P < 0.001; Figure 5b 
Experiment 4: Mate preference experiment 442
Out of the 59 analysed drops, we found that 34 (57.6%) drops had a M. lignano conspecific 443 copulation as the first copulation, while that was true for only 18 (30.5%) and 7 (11.9%) 444 drops for heterospecifics and M. janickei conspecifics, respectively. These proportions 445 differed significantly from our null hypothesis under random mating (Chi-square goodness-446 of-fit test: χ 2 = 33.68, df = 2, P < 0.001). 447
With respect to the observed proportion of the different copulation types within drops, the 448 data from 55 of the 59 drops (without Bonferroni-correction P < 0.05, Supplementary Table  449 S2) differed significantly from the null hypothesis, though after Bonferroni correction that 450 number dropped to just 46 drops (Bonferroni-corrected P < 0.05, Supplementary Table S2 ). 451 Interestingly, we found significant variation in the observed proportion between the drops 452 ('heterogeneity G-value' = 358.55, df = 116, P < 0.001), as is also evident from Figure 6a . 453
The general trend was that M. lignano conspecific copulations were the most frequent, 454 followed by heterospecific copulations, while we observed relatively few M. janickei 455 conspecific copulations in most of the drops. In 51 drops, the M. lignano conspecific 456 copulations were the most frequent, while in only one drop was the proportion of M. janickei 457 conspecific copulations the highest (see colours in Figure 6a ). Moreover, in five drops, the 458 highest proportion of copulations was of the heterospecific type, while in two drops, 459 M. lignano conspecific and heterospecific copulations jointly had the highest proportion. 460 Surprisingly, we found that in 52 drops there was a higher proportion of heterospecific 461 copulations than of M. janickei conspecific copulations (with zero M. janickei conspecific 462 copulations in 13 drops), indicating that under these conditions, the M. janickei worms mated 463 more often with a M. lignano heterospecific than with a M. janickei conspecific individual. 464
This could either represent a preference in M. janickei for mating with M. lignano, or it could 465 potentially also result from M. lignano having an intrinsically higher mating rate, which we 466 explore next. 467
In our mate preference assays, the mating rate of M. lignano and M. janickei was indeed 468 different, with M. lignano having a much higher mating rate than M. janickei (Figure 6b ). 469
When we took the mating rate differences between the two species into account, the Chi-470
Square goodness-of-fit test showed that in 55 out of 59 drops the observed and expected 471 copulation frequencies were not significantly different (Bonferroni-corrected P > 0.05, 472 Supplementary Table S3 ). This suggests that the difference in the copulation frequencies of 473 the different copulation types, including the high frequency of heterospecific copulations in 474 M. janickei, is largely explained by the intrinsic differences in mating rate of the two species, 475 rather than stemming from an explicit preference for heterospecific partners. 476
Discussion
477
Our study shows that the closely related species M. lignano and M. janickei differ 478 significantly, not only in their stylet morphology, but also in several aspects of their mating 479 behaviour. These considerable morphological and behavioural differences do not, however, 480 appear to represent strong premating barriers, since the worms were readily able to engage in 481 heterospecific matings. In contrast, there seem to be significant postmating barriers between 482 these two species, as only few hybrid offspring were produced from these heterospecific 483 matings. Moreover, the resulting hybrids were fertile, showing a stylet morphology that was 484 intermediate between the parental species, and capable of backcrossing to both parental 485 species. Interestingly, the data from our mate preference assay revealed distinct asymmetries 486 in the mating patterns between the two species. While M. lignano clearly engaged 487 predominantly in conspecific matings, thereby exhibiting assortative mating, M. janickei 488 ended up mating more often with heterospecific individuals, and we suggest that both likely 489 occurred as a result of the higher mating rate of M. lignano compared to M. janickei. In the 490 following, we discuss these results in some more detail. 491
Experiment 1: Reproductive behaviour and hybridization 492
A potential factor that could lead to the observed differences in behavioural traits between the 493 two species is genital morphology. For example, a positive correlation between copulation 494 duration and structural complexity of the intromittent organ has been reported in New World 495 natricine snakes (King et al. 2009 ), wherein the authors hypothesized that the evolution of 496 elaborate copulatory organ morphology is driven by sexual conflict over the duration of 497 copulation. Similar to the findings of that study, the nearly five-fold longer copulation 498 duration of M. janickei pairs compared to M. lignano pairs could in part be dictated by its 499 considerably more complex stylet. Moreover, similar to the male genitalia, the female 500 genitalia are also more complex in M. janickei than M. lignano (Schärer et al. n.d.) . And in 501 addition to copulation duration, the longer suck duration of M. janickei could also be 502 correlated with the genital complexity, since removal of ejaculate from the more complex 503 female genitalia might be more difficult and take more time. 504
In addition to genital morphology, both copulatory and post-copulatory behaviour might also 505 be influenced by the quantity and composition of the ejaculate transferred during copulation. 506
For example, a larger quantity of ejaculate might be accompanied by a longer copulation 507 duration, and possibly also a longer suck duration, since the hypothesised function of the suck 508 behaviour is to remove ejaculate components (Schärer et al. 2004; Vizoso et al. 2010) . 509
Moreover, a longer copulation duration might require longer phases of recovery during which 510 spent ejaculate is replenished, leading to lower copulation frequency and a longer copulation 511 interval. A previous study in M. lignano showed that pairs formed from virgin worms 512 copulated approximately 1.6x longer than pairs formed from sexually-experienced worms, 513
and also that individuals that had copulated with virgin partners had a lower suck frequency 514 compared to individuals that had copulated with sexually-experienced partners (Marie- Longer copulation intervals or temporal aspects of sucking (i.e. onset of sucking) could 527 potentially also result from the action of some transferred ejaculate components that acts as a 528 relaxant, leading to inactivity and delayed re-mating or delayed sucking. Interestingly, we 529 noticed that very few individuals in the heterospecific pairs exhibited the suck behaviour, 530 which could simply result from low or absent ejaculate transfer. It is also conceivable that 531 sucking is triggered by species-specific ejaculate components and their interaction with the 532 female reproductive organ, and hence the absence or low amounts of such components could 533 result in fewer sucks. Alternatively, individuals of one species might be more effective at 534 preventing suck in heterospecific partners, as heterospecific partners may lack coevolved 535 defences against such ejaculate substances. Similar to our observation, a cross-reactivity study 536 in the land snail, Cornu aspersum, showed that its diverticulum (a part of the female 537
reproductive system) only responded to the love-dart mucus of some, but not other, land snail 538 species, pointing towards species-specific effects of accessory gland products (Lodi and 539 Koene 2016). 540
Moreover, the different behavioural components might be correlated with each other. For 541 example, there could be a trade-off between the suck duration and suck frequency for 542 ejaculate removal, such that longer sucks or more frequent sucks serve the same purpose. 543
Similarly, a longer copulation duration might be accompanied by a longer suck duration and 544 copulation interval (as discussed above). In support of this, we did see that M. lignano pairs 545 had both a short copulation and suck duration, but a high copulation and suck frequency, 546 while the converse was true for M. janickei pairs. Thus, there can be correlations between 547 different aspects of reproductive behaviour and morphology, and a large-scale comparative 548 study of reproductive behaviour and morphology in Macrostomum species would help to 549 improve our understanding of the complexity and evolution of reproductive traits. 550
Heterospecific pairs showed higher CVs compared to the other two pairing types for both 551 copulation duration and copulation interval, potentially suggesting disagreements over the 552 optimal copulation duration and copulation frequency in these pairs. In addition, 553 heterospecific pairs exhibited higher CVs compared to conspecific pairs for all suck related 554 behaviours. Note that in these movies we could not visually distinguish the two species in the 555 heterospecific pairs, but it appears likely that the short and immediate sucks were performed 556 by M. lignano individuals, while the longer and delayed sucks were performed by M. janickei 557 individuals. Interestingly, the suck behaviour seems to be a highly stereotypical behaviour, 558 with the CVs being lower for suck duration than for copulation duration for each of the 559 mating pair types. This is similar to what was noted from earlier behaviour studies of 560 M. lignano (Schärer et al. 2004) . 561
Whereas conspecific pairs of both species produced similar offspring numbers, heterospecific 562 pairs gave rise to offspring relatively rarely, despite most pairs having copulated successfully, 563 presumably due to postmating-prezygotic or postzygotic reproductive barriers. In our study, 564 hybridization was symmetrical, with both species being able to inseminate and fertilize the 565 other species. Interestingly, in none of the heterospecific replicates did both partners produce 566 offspring. While this could point towards unilateral transfer of sperm during copulation, we 567 cannot ascertain if this only occurs in heterospecific pairs or if conspecific pairs also show a 568 similar pattern, as we collected only one partner for each conspecific pair. To the best of our 569 knowledge this is the first study to have documented hybridization between species of the 570 genus Macrostomum, and there is also very sparse information only about hybridization in 571 free-living flatworms in general (Pala et al. 1982; Bullini 1985) , while there is some more 572 information about parasitic flatworms (Taylor 1970 (Zadesenets et al. 2016) . The fact that we 598 can obtain viable hybrids between the two species calls for studies of the resulting karyotypes 599 of these F1 hybrids and the F2 backcrosses. 600
Experiment 3: Hybrid and parental species stylet morphology 601
The parental species differed significantly in the morphology of their stylet, though their 602 overall stylet size was similar. In contrast, the hybrids possessed a stylet that had a 603 morphology that was intermediate between that of the parental species, but was distinctly 604 larger in size, for which we currently have no explanation (as already mentioned above, these 605 results need to be interpreted with some care, since the data used in this comparison stemmed 606 from three separate experiments). A study in closely related species of damselflies had also 607 shown that, despite differences in genitalia morphology, the species had incomplete 608 mechanical isolation and could hybridize (Barnard et al. 2017 ). An interesting follow-up to 609 our study would be to use QTL mapping in order to identify which gene regions are involved 610 in stylet formation and shape (Tanaka et al. 2015; Fujisawa et al. 2019; Hagen et al. 2019) , 611 which would help us understand genital evolution (Yassin 2016 ). This approach might, 612 however, be rendered difficult due to the karyotype polymorphisms present in the two 613
Macrostomum species. 614
Experiment 4: Mate preference experiment 615
Our mate preference experiment showed that there is some degree of assortative mating 616 between M. lignano individuals, which appears to mostly stem from the higher mating rate of 617 M. lignano. This is in line with our results from Experiment 1, where M. lignano conspecific 618 pairs had shorter copulation latencies, shorter copulation durations and shorter copulation 619 intervals compared to M. janickei conspecific pairs (Figure 1) . Thus, mate choice in these two 620 species seems to be governed mainly by behavioural characteristics, such as mating rate, 621 rather than an explicit preference for a conspecific or heterospecific partner. A potential factor 622 affecting mating rate could be sexual selection, for instance, in polygamous mating systems, 623 sexual selection can select for persistent mating efforts, particularly in males, which in turn 624 can lead to reproductive interference between the species ( whether the cost is symmetric for both species, or if M. janickei suffers more due to a reduced 645 conspecific mating rate. Moreover, as we outlined above, while our study raises the 646 interesting possibility of hybridization occurring in zones of secondary contact between the 647 two species, we are currently not aware of any overlapping ranges of the two species (but this 648 may largely be due to the lack of sampling effort). Considering their heterospecific 649 interactions though, it might be difficult for the species to co-exist, since M. lignano might be 650 expected to displace M. janickei from any overlapping zones due to potential asymmetric 651 reproductive interference. Alternatively, selection for reinforcement of reproductive isolation 652 might occur, leading to character displacement of the species in sympatric zones, such that 653 heterospecific interactions are reduced. 654
Conclusions 655
Our study shows that reproductive traits can evolve rapidly, even between closely related 656 species, though they do not necessarily pose a reproductive barrier to hybridization. An 657 interesting question that arises then is whether mating behaviour and genital morphology co-658 evolve or whether they diversify independently. A phylogenetic comparative study that looks 659 at the evolution of these reproductive traits in more species across the Macrostomum genus 660
would help us answer these open questions. Moreover, using hybridization and techniques 661 like QTL mapping, we could aim at understanding the genetic basis of rapidly evolving and 662 diversifying reproductive traits like mating behaviour and genitalia, and in turn broaden our 663 understanding of speciation in free-living flatworms, a highly species-rich group of 664 simultaneous hermaphrodites. 
